Study Design: A prospective clinical series with prospectively collected data. Purpose: The efficacy of using closed suction drains (CSD) after single-level lumbar disc surgery was evaluated. Postoperative CSD are regularly fitted to prevent postoperative epidural hematomas (EH) after multilevel lumbar decompression, although it remains unclear whether CSD also reduces postoperative EH following single-level lumbar disc surgery. Overview of Literature: Few articles have addressed the clinical outcome in patients with single-level lumbar disc disease who were treated by two different operative methods (with and without drainage). Methods: Between 2012 and 2014, 115 patients with a single level discectomy underwent two surgical procedures: with CSD (group A, 60 cases) and without CSD (group B, 55 cases). There were no significant differences in age, sex, segment level, herniation type, or disease duration between the groups. Wound infection, EH, and epidural fibrosis (EF) were evaluated by magnetic resonance imaging. Pain intensity was evaluated using the visual analog scale (VAS) and Oswestry disability index (ODI). Reduction in analgesic treatment and patient satisfaction were also recorded. Results: The overall rate of postoperative EH was 5% and 16.3% in group A and B, respectively, whereas the rate of postoperative EF was 11.6% in group A and 21.8% in group B. The postoperative VAS score was 0.32 (standard deviation [SD], 0.45) for group A and 2.62 (SD, 06.9) for group B, whereas ODI was 9.11 (SD, 0.68) and 8.23 (SD, 0.78) for group A and and group B, respectively, with no significant differences observed. Conclusions: In patients operated on by unilateral, single-level lumbar disc surgery, the use of suction CSD into the operation site results in lower levels of EH and EF radiologically, thereby providing a better clinical outcome.
Introduction
Postoperative epidural hematomas (EH) have been reported as "very frequent" when radiologic investigation of the postoperative lumbar spine is performed [1] . Postoperative lumbar epidural fibrosis (EF) is the formation of scar tissue over the dura mater following EH [1] [2] [3] [4] [5] [6] [7] [8] [9] . EHs on the first postoperative day of lumbar disc surgery were reported to occur as frequently as 86% after using magnetic resonance imaging (MRI) [9] . In addition, symp-tomatic EH is common after lumbar disc surgery [9] [10] [11] . Symptomatic patients demonstrate a typical progression from sharp operi-surgical pain to neurological deficits. Little is known about what differentiates symptomatic and asymptomatic patients. The quoted incidence of postoperative symptomatic EH occurring after all spinal procedures requiring surgical intervention ranges from 1% to 2.9% [1, 6, 9] . MRI measurements of hematoma size or mass may correlate with postoperative symptoms. In addition, compression resulting from postoperative EH of the nerve roots is a well-known complication of lumbar disc surgery that may lead to intractable back and neurological deficit in acute postoperative periods. Moreover, one other late complication is EF. Kotilainen et al. [11] reported that the amount of epidural scar tissue at 6 months postoperatively significantly correlated with the extent of hemorrhagic changes detected in MRI scans on the first postoperative day. Various methods have been used to prevent significant fibrosis postoperatively with variable degrees of success. Postoperative lumbar closed suction drains (CSD) has traditionally been used to prevent postoperative hematomas. In addition, a hematoma also provides an excellent culture medium for infections. The evacuation of an EH is considered advisable in order to prevent both postoperative pain, infections, and EF [3, 7, 9] . CSD is believed to be effective in preventing these complications in spine surgery [1] . However, the current spine literature has not shown any advantage for the use of CSDs in EF [7, 12] . In this study, it was proposed to determine and compare the incidence and size of EH, and late scar formation, by means of MRI techniques in patients in group A and B.
Materials and Methods
In this study, 115 consecutive patients who underwent single-level lumbar microdiscectomy during a 2-year period (2012 and 2014) were reviewed. A total of 115 patients with single-level discectomy underwent 2 surgical procedures using either CSD (group A, 60 cases) or without CSD (group B, 55 cases). In group A, there were 28 males and 32 females with an average age of 42.3 years (range, 28-67 years) including 6 cases at the level of L2-3, 9 cases at L3-4, 21 cases at L4-5, and 23 cases at L5-S1. In group B, there were 29 males and 26 females with an average age of 41.8 years (range, 27-70 years); including 4 cases at the level of L2-3, 8 cases at L3-4, 20 cases at L4-5, and 23 cases at L5-S1. There were no significant differences in age, sex, segment level, herniation type, or disease duration between the 2 groups (p>0.05). Wound infection, EH, and EF were evaluated by both early and late MRI with contrast enhancement although we are unable to collect data about the classification of the herniation. Pain intensity was evaluated using visual analog scale (VAS) and Oswestry disability index (ODI). Reduction of analgesic treatment and patient satisfaction were also recorded. All surgery techniques were the same and single-level microdiscectomy was performed with a hemipartial laminectomy. All patients were operated on in the prone position under general anesthesia, and systemic prophylactic antibiotic therapy with cefazolin was administered intravenously in a dose of 2 g at 1 hour before surgery and 1 g every 8 hours postoperatively, to a maximum of three doses. Those who underwent multilevel disc surgery or who were considered complicated cases (such as dural tearing or sequestrectomy) were not included in this study. Epidural hemostasis was achieved with temporary compression and bipolar coagulation. In group A, a 14-French silicone CSD was inserted into the surgical area (Fig. 1) . The CSDs were maintained for 12-18 hours postoperatively (when sediment forms the CSD is then removed). After the CSD was withdrawn, the total CSD was noted, and the patient was mobilized. All CSD were used with mild suction pressure (half negative). Postoperatively, the CSD was removed when the amount of bleeding did not exceed 10±3 mL per day. All patients were discharged from hospital between 18 and 24 hours postoperatively.
MRI examinations were performed on all patients on 
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postoperative days which included the first day postoperatively as well as 6 months and 12 months postoperatively. We performed the MRI in all discectomy patients who only had a single-level disc herniation using a selection of MRI machines. Follow-up MRI scans were performed 1 day postoperatively (without contrast), and at 6 and 12 months (with contrast) postoperatively (mean follow-up MRI time, 9.2 months). MRI examinations followed the same protocol at each clinical site, as follows ( Fig. 2 ): (1) before contrast administration, two-dimensional axial T1-weighted spin-echo and T2-weighted turbo spin-echo sequences and sagittal T1-weighted spin-echo and T2-weighted spin-echo sequences; (2) administration of 0.1 mmol/kg gadolinium contrast material via slow intravenous push; and (3) axial and sagittal T1-weighted spin-echo sequences, completed within 15 minutes after administration of contrast material. Visual assessment of the hematoma was performed by a radiologist who was blinded to the patient groups. Postoperative hematoma evaluation with MRI was determined by hematoma grading [1] . The maximum thickness of the EH was measured on the axial slice and graded as none (<1 mm), minimal (1-1.9 mm), moderate (2-2.9 mm), or prominent (>3 mm).
EF grading
The amount of EF was graded on a scale of 0-4 for each quadrant of each imaging slice encompassing the operative level [9] : 0, no sign of a scar to trace scar; 1, 2, 3, and 4, signs of scarring more than to 25%, 50%, 75%, and 100%, respectively. If the patient had a scar score of 4 in any one of the quadrants then it was defined as an "extensive scar. " The whole case was described as having none, mild, moderate, or extensive EF (Fig. 3) , MRIs right posterior EF of all grades.
Results
The mean operating time 50±5 minutes and intraoperative blood loss 60±10 mL were similar in both groups.
There was a significant difference in hematoma formation when the 2 groups were compared. There was no difference in the risk of wound infection as a result of avoiding postoperative closed-suction CSD in these 2 groups of patients. Two patients in group B developed postoperative EHs which caused neurological compromise with both undergoing surgical evacuation ( Fig. 2A) . Only 2 patients in group B were operated on due to acute EH, and one of these patients had acute back and leg pain. T2-weighted and gadolinium-enhanced MRI results showed hematoma formation at the epidural space between L4 and L5. Immediately after the MRI, extended unilateral hemilaminectomy and hematoma evacuation were performed. The patient achieved complete neurological recovery. In the second case in group B, the patient was a 71-year-old female who had L5/S1 disc herniation. This patient had comorbidities including osteoporosis and hypertension. At the initial surgery, microdiscectomies were performed and neurological deterioration developed on the day of surgery. Axial and sagittal T2-weighted MRI results showed A B hematoma formation at the epidural space between L5 and S1. On the day of the initial surgery, a hematoma was evacuated using the same approach. The patient achieved complete neurological recovery. As a result, the overall rate of prominent postoperative EH was 5% in group A and 16.3% in group B (Table 1 ). In addition, the overall rate of severe postoperative EF was 11.6% in group A and 21.8% in group B. The distribution of the various degrees of fibrosis (maximum values) in the two groups is shown in Table 2 . Postoperative scores for VAS and ODI are given in Table 3 . The postoperative VAS score was 0.32 (standard deviation [SD], 0.45) for group A and 2.62 (SD, 0.69) for group B. We did not record the leg VAS score but would have done if we had conducted this study again. Analgesic consumption was stopped or reduced in group A patients (85%) 6 days postoperatively and in group B patients (72%) 10 days following the procedure. In the end, overall patient satisfaction for group A patients was 85% 2 weeks and 15% 6 months postoperatively, which was the final follow-up. ODI was 9.11 (SD, 0.68) for group A and 8.23 (SD, 0.78) for group B. Significant differences were not observed between the two groups. Both VAS scores and Prolo scale were the same between 6 and 12 months postoperatively (Table 3) . In the end, ODI was significantly higher in group A when compared with group B cases (p=0.053). However, the ODI scores at the final follow-up sessions between 6 and 12 months postoperatively did not show a significant difference.
Statistical analysis
All statistical analyses were performed on a personal computer. The differences of parameters among the two groups were assessed using a linear by linear association test. The differences of parameters between the two groups were assessed using a t-test paired samples test. The level of significance was set at p=0.05.
Discussion
Risk factors for spinal EH after spinal surgery are well known. EH is an acute problem, whilst EF is a late complication following lumbar disc surgery [2] [3] [4] [5] [6] [7] . Early postoperative back and leg pain, paresthesias, acute neurologic deficit or cauda equina syndrome, as well as infection can all be caused by EH. Possible mechanisms of recurrent pain caused by EH include nerve root irritation and entrapment, unilateral or bilateral direct dural sac compression, restriction of nerve root mobility, and epidural fibrotic tissue formation [3, 6, 9, 13] . EF is a natural result of normal postoperative recovery, resulting in symptoms caused by adherence to nerve roots [7, 8] . EF is formed by intense fibrous tissue on the surface of paravertebral muscles and the fibrous layers of the periosteum, and also by invasive postoperative EH. Ross et al. [10] found in a multicentered randomized trial that an increasing amount of scarring led to a significantly increased likelihood of recurrent radicular pain. This association was found only in a small subgroup of 20 patients experiencing recurrent radicular pain after discectomy. A variety of surgical techniques and treatments have been discussed in the literature in terms of reducing EF. Reoperation on scar tissue often produces a poor surgical result and further scarring [6, 8, 10, 11, 13] . The best treatment for EF is prevention. Minimal invasive surgery with smaller incisions and muscle dissection, intraoperative restricted manipulations and appropriate hemostasis were reported to reduce the amount of EF [13] . In the literature, EF was reported to be reduced by the use of hemostatic agents and anti-inflammatory drugs (methylprednisolon, triamcinolone, prednisolone, ketoprofen, dexamethasone) and by mechanical barriers inserted between the tissue and dura mater as well as the use of synthetic and biological materials [14, 15] . The clinical use of these agents has not been successful [14] . Fat grafts were applied as an initial treatment to prevent EF after lumbar discectomy. Fat grafts were subcutaneously obtained from the surgical incision site and placed over the dura in order to cover the dura. This fat grafting was reported to have no preventive effects on EF, and eventually caused cauda equina syndrome [14] . CSD has long been been used following extensive spinal surgery. In contrast, the use of closed suction CSD after single-level disc surgery remains controversial [12] . However, the study in question looks at a prospective clinical series in comparison to prospectively collected data. As such, this study reviewed a large number of patients undergoing single-level disc surgery in order to evaluate the efficacy of CSD. None of the 115 patients suffered wound infection requiring surgical intervention with the rate of postoperative EH being 5% in group A and 16.3% in group B. These results suggest that the risk of postoperative EH increased without the placement of a CSD. In addition, EF is caused by EH, although many cases tend not to lead to symptoms. Low back pain is the most important factor in the early postoperative period for both the surgeon and patient. This is due to back motion being restricted by EH. Radiological investigation shows us that postoperative muscle edema and hematoma are a bigger issue than EF. Mirzai et al. [1] evaluated the efficacy of closed-suction CSD in lumbar disc surgeries. They prospectively randomized 50 (22 with CSD and 28 without CSD) patients into either a "CSD" or "no CSD" group. They also reported that the use of closed-suction CSD did result in hematoma in lumbar disc surgery. Awad et al. [2] analyzed the records of 14,932 patients who underwent spinal surgeries to identify the risk factors of postoperative spinal EH. They showed more than five operative levels, anemia (<10 g/dL), and excessive blood loss (>1 L) increased the risk of EH formation. Kanayama et al. [12] reported in their study, that the risk of wound infection and hematomas in single-level lumbar decompression surgery was not influenced by the use of a drain. The use of postoperative wound drainage in patients with a potential risk for epidural bleeding in situations such as multiple-level decompression, instrumentation surgery, anticoagulant therapy, trauma, and tumors or metastases requires additional study. In contrary, we reviewed a large number of patients undergoing single-level disc surgery to evaluate the efficacy of CSD. The rate of postoperative EH was higher in group B. This hypothesis was therefore rejected by our study. Postoperative spinal EH can thus be prevented by CSD.
Conclusions
This study therefore concludes that, in patients operated on for unilateral, single-level lumbar disc surgery, implantation of suction CSD into the operation site results in lower levels of EH and EF radiologically, and as such yields a better clinical outcome. Early back comfort is clearly evident in cases who have used CSD. As a result, this study recommends the use of a drain when singlelevel lumbar disc surgery is performed.
